Objectives: Surgical resection is the standard treatment for stage II non-small cell lung cancer, but recurrence rates approach 60%. This study compared mutational changes in involved lymph nodes and primary tumors from patients with stage II non-small cell lung cancer to determine whether risk factors for recurrence could be identified.
T he current standard of care for stage II non-small cell lung cancer (NSCLC) is pulmonary resection. However, overall survival for this patient group is less than 40%. 1 Adjuvant therapy, using radiation or chemotherapy trials, has generally failed to demonstrate any improvement in survival for this subset of NSCLC over the benefits of surgical intervention alone. 2, 3 Although providing some insight into the prognosis and guidelines for therapy, the staging system currently in place is inadequate. Molecular studies of NSCLC have been a subject of significant interest in the recent literature. One approach has been to study the effect of a single gene on outcomes after treatment for NSCLC. However, several molecular events are known to be associated with the progression of NSCLC, and it is unlikely that a single genetic aberration by itself will account for the clinical behavior of a cancer. Allelic loss, which is one of the common genetic events involved in tumorigenesis and progression, is accumulated throughout the process of tumor evolution. 4, 5 This study was designed to analyze allelic loss (and therefore mutational change) in primary tumors and histologically positive N1 lymph nodes in patients with stage II lung cancer who had undergone pulmonary resection. We selected patients with stage II NSCLC (on the basis of N1 disease) because these patients are usually treated with surgical intervention alone but still have a high incidence of recurrent disease. Because this patient group is characterized by involvement of N1 lymph nodes, we believed that allelic loss within the lymph nodes would play an important role in determining survival. We hypothesized that those patients with more severe mutational changes in lymph nodes would be expected to have poorer outcomes.
Materials and Methods
The archived paraffin blocks of 40 patients with stage II NSCLC were studied after obtaining institutional review board approval. All patients had stage II disease on the basis of pathologically involved N1 lymph nodes. We excluded patients with T3N0 tumors. Additional inclusion criteria were the presence of adenocarcinoma or squamous carcinoma only. All patients underwent a standard pulmonary resection (lobectomy or pneumonectomy). We excluded patients who had limited resections, such as a wedge or segmental resection.
A minimum of 2 sites within the primary tumor and 1 involved NI lymph node were studied. The most anaplastic areas, as assessed on light microscopy, were selected for microdissection. In the lymph nodes cancer cells are cohesive and tend to form nodular aggregates, and therefore it was relatively easy for the pathologists to microdissect pure metastatic tumor. In the case of primary tumor, cancer cell nests could occasionally be embedded in fibrous tissue or admixed with inflammatory cells, and therefore it was possible that pure tumor was not obtained. However, because the primary tumor was usually large enough, it was possible to avoid these areas, with the purity of all microdissected specimens estimated to be greater than 90%. Additionally, an area of normal parenchyma was also studied to serve as an internal control and to assess for allelic dropout. 6 Microdissection was performed at all these sites, obtaining 4-m-thickness and 2-to 6-mm-diameter sections of tissue by using methods previously described. 7 After digestion of the microdissected tissue with proteinase K, aliquots of sampled tissue were used in individual polymerase chain reaction amplification reactions targeting microsatellites situated in proximity to genes of interest. The 16-microsatellite markers chosen were located on 9 chromosomal loci (CLs). These loci are situated within or adjacent to 9 known tumor suppressor genes or oncogenes potentially involved in lung carcinogenesis. The relationship of microsatellite to CLs and genes are indicated in Table 1 . The use of more than one microsatellite marker provided a higher yield of information for each CL.
Loss of Heterozygosity Analysis
Determination of allelic loss was carried out by using phosphorous 33 autoradiography, as previously described. 7 Allelic dropout was evaluated by imposing a requirement that all normal lung samples must show equal band intensity for the microsatellite being tested on autoradiography. Any patient not showing this was rejected for assessment of allelic loss. Therefore if, in a hypothetic case, the normal lung demonstrated equal band intensity in 8 of the 9 CLs, then 8 CLs were informative.
Loss of heterozygosity (LOH) was determined for both the tumor and lymph node metastases. If there was a diminished band intensity of at least one half the other corresponding bands for CLs that were informative, then LOH was demonstrated. Analysis of microsatellites provided increased information about each CL. As long as LOH was demonstrated in one of the microsatellites related to a particular CL, then that CL was classified as demonstrating LOH. Additionally, as described above, at least 2 primary tumor sites and 1 lymph node site were microdissected for each patient. In some cases heterogeneity was observed in these different sampled sites. If LOH was present in at least one of the microdissected sites, then LOH was recorded as being present for the node or tumor being examined. Two observers evaluated LOH independently for each specimen, with a concordance ratio of positive LOH of 100%.
Fractional Allelic Loss and Determination of Risk Group
Determination of the LOH and informative rate allowed calculation of the fractional allelic loss (FAL). This was defined as the LOH of the tumor or node divided by the number of informative CLs in the associated normal lung. By using the same hypothetic case described above as an example, if analysis of a primary tumor demonstrates LOH in 4 CLs, and analysis of the node demonstrates LOH in 2 CLs, then the FAL for the primary tumor is 0.5 (ie, 4/8), and the node is 0.25 (ie, 2/8). Stratification into risk groups was then made by dividing the FAL in the node by the FAL in the tumor. Because a ratio of 1 or more indicated mutational damage that was as severe or worse in 
18q21 DCC the nodal metastasis, these patients were classified as high risk. All other patients were classified as low risk. For our hypothetic case, the FAL ratio would be 0.5 (ie, low risk). Table 2 . Informativeness ranged from as low as 48% to as high as 95%. The mean FALs for the tumor and nodal metastases are demonstrated in Table 3 . Mean FAL in both tumor and nodal tissue was significantly higher for squamous cancers than for adenocarcinomas. However, median survival for squamous carcinomas and adenocarcinomas were similar at 35 and 39 months, respectively (P ϭ .65). Median survivals were also similar for stage IIa versus IIb disease (38 vs 39 months, P ϭ .96) and for patients who underwent lobectomy compared with pneumonectomy (30 months for lobectomy; median survival was not reached for pneumonectomy; P ϭ .84).
Statistical Analysis
There were 20 high-risk patients and 20 low-risk patients. Median survival was not reached in the low-risk patients and was 35 months for the high-risk patients. This was not significantly different (P ϭ .3). Median disease-free survival (DFS) was not reached in low-risk patients and was 24 months in high-risk patients. This was not significantly different (P ϭ .36) When looking at the adenocarcinomas and squamous carcinomas separately, we found that 9 (41%) of 22 of the squamous carcinomas and 11 (61%) of 18 of the adenocarcinomas were in high-risk patients. Survival and DFS were not significantly different for low-risk and high-risk squamous cell cancers (Figures 1 and 2) . Analysis of the patients with adenocarcinoma revealed significant differences between low-risk and high-risk tumors. These are shown in Figures 3 and 4 . There were no deaths in the low-risk patients with adenocarcinoma compared with a median survival of 25 months in the high-risk patients with adenocarcinoma (P ϭ .01). The median DFS was not reached for the low-risk patients with adenocarcinoma compared with 14 months for the high-risk patients (P ϭ .05). 
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GTS Discussion
Stage II NSCLC is usually treated with surgical intervention alone. However, the relatively low survival compared with that seen in patients with stage I NSCLC and the high incidence of systemic metastasis after recurrence 8 suggest the need for additional therapy. Adjuvant therapies have not met with success. 2, 3 Prognostic markers that could successfully stratify patients might allow us to more effectively direct therapy.
Molecular staging techniques to assess prognosis are usually performed for early stage disease, typically in patients with stage I disease. 9 Patients with more advanced tumors are considered to have a dismal prognosis, regardless of the status of the biologic marker investigated, 10 and have not been studied to the same degree. One approach in early stage NSCLC has been to study histologically negative mediastinal lymph nodes for the presence of occult micrometastatic disease. 11 Another approach that has been described is the use a panel of molecular markers to stratify patients rather than a single-marker approach. 10 In a study of 408 patients with stage I NSCLC using 10 markers, significant differences in survival were seen for those patients with 6 to 9 markers compared with that seen in those with 0 to 3 markers present. 10 We elected to use a panel approach in this study. Because all these patients had histologically involved lymph nodes, we hypothesized that the mutational changes in these lymph nodes would allow us to predict biologic behavior. We have previously demonstrated that no single LOH in the primary tumor is associated with prognosis in stage II NSCLC. 12 However, LOH at CLs 3p and 5q in the lymph node is associated with decreased survival. 12 This supports the view that the FAL of lymph nodes plays an important role when N1 disease is present.
Previous studies have reported the higher frequency of loss of chromosomal arms in squamous carcinomas compared with that in adenocarcinomas. 13, 14 Our data support these findings of differences in the genetic profiles between adenocarcinomas and squamous carcinomas. Squamous carcinomas had a higher FAL in both lymph nodes and in primary tumors. However, survival between squamous carcinomas and adnocarcinomas was similar despite these genetic differences.
Our hypothesis was that if mutational changes were more severe in the lymph nodes compared with in the primary tumor (determined on the basis of the FAL ratio), this would predict behavior. Although there was a trend for worse survival in patients who had an FAL ratio of 1 or more, this was not statistically significant. Further analysis revealed that the differences lay within the adenocarcinoma group. When squamous carcinomas were excluded, the difference between lowrisk and high-risk patients became statistically significant, with no deaths in the low-risk adenocarcinoma group. Thus it appears that the patients with low-risk stage II adenocarcinomas appear to be a subset with favorable outcomes.
The explanation for these differences is unclear. Perhaps the greater LOH seen in squamous carcinomas overall makes comparison between the lymph nodes and primary tumors less meaningful. The behavior of adenocarcinoma appears to be more variable and might depend on the pattern of LOH. Although not studied here, the LOH profile in primary adenocarcinoma might predict outcomes in stage I tumors. By the time N1 disease has occurred, the lymph node appears to be the critical factor rather than the primary tumor.
In conclusion, we have demonstrated differences in LOH between squamous carcinomas and adenocarcinomas. Both survival and DFS were improved in low-risk stage II adenocarcinomas on the basis of the FAL ratio between the lymph node and the primary tumor. Larger studies will be needed to confirm the findings of this pilot study.
